Abstract: E,Z-5-Aroylmethylene-3-benzyl-4-oxo-2-thioxo-1,3-thiazolidines (3a-c) react with 4-methoxy and 4-chlorophenylnitrile oxides (4a and b) in pyridine solution to afford one or more of the following compounds: Z-3, Z-2,4-dioxo analogues 5 and 3,6-diaryl-1,4,2,5-dioxadiazines (6a-b). The interconversion route is discussed and the structures of all of the synthesised compounds are proven by microanalytical and spectral data.
Introduction
Several reports on the chemistry of 4-thiazolidinones have been published [1] [2] [3] [4] [5] [6] , but literature reports on reactions of 4-oxo-2-thioxo-thiazolidines with dipolar species are rather limited and treat the problem of alkylation of the 3-unsubstituted derivatives with diazomethane [7, 8] and cycloaddition of nitrilimines to the thiono function of 5-aroyl-methylene-3-phenyl-4-oxo-2-thioxo-1,3-thiazolidine [9] . The intention of the present work was to study the reactivity of thiono as well as exocylic double bond functions in E,Z-5-aroylmethylene-3-benzyl-4-oxo-2-thioxo-1,3-thiazolidines (3a-c) towards 4-methoxyphenyl-and 4-chlorophenylnitrile oxides (4a,b). Thus a series of E,Z-5-aroylmethylene-3-benzyl-4-oxo-2-thioxo-1,3-thiazolidines (3a-c) has been synthesised and subsequently reacted with 4-methoxyphenyl-and 4-chlorophenylnitrile oxides (4a,b).
Results and Discussion
Compounds E,Z-3a-c were synthesised by a method similar to that of Nagase [10] by treating 5-(2-aryl-2-oxoethyl)-4-oxo-2-thioxo-1,3-thiazolidines (2a-c) (obtained in turn by reaction of 3-aroylacrylic acids (1a-c) with ammonium benzyldithiocarbamate), with bromine as shown in Scheme 1. Omar et al. [2] studied the stereochemistry of compounds 3 and reported the formation of E-and Z-stereoisomers with the predominance of the former one.
Our intent was to perform the reactions in pyridine as, on the one hand, it is able to dissolve the starting thiazolidinones which are sparingly soluble in most organic solvents, and, on the other hand, it can be used to liberate the required nitrile oxide in situ from stable α-hydroximinobenzyl chlorides precursors.
Nitrile oxides 4a and 4b, produced in situ upon addition of α-hydroximino-4-methoxy-and α-hydroximino-4-chlorobenzyl chlorides to pyridine reacted with E,Z-3a-c to afford the Z-isomers of either of the starting 4-oxo-2-thioxo-compounds Z-3 or the Z-2,4-dioxo-analogues 5, or a mixture of them, along with the corresponding head to tail dimerised product, namely 3,6-di-(4-methoxyphenyl)-1,4,2,5-dioxadiazine (6a), in the former case and the 4-chlorophenyl counterpart (6b), in the latter case, as outlined in Scheme 2. Small amounts of the unreacted starting materials somewhat enriched with Zisomers were isolated in all the studied examples. (cf. Table 1 
Scheme 1
The structures of the isomerized 4-oxo-2-thioxo-1,3-thiazolidines (Z-3b and c) and the respective 2,4-dioxo counterparts (Z-5a-c) were deduced from microanalytical, IR, 1 [B] fragments. The structures of 6a and 6b, which were believed to be the head to the tail dimerised products, was confirmed by comparison (m.p and IR) with authentic samples [11] .
Configurational assignments of compounds 3 and 5 were based exclusively on incremented values [12] ; the olefinic protons of the Z-isomers are relatively deshielded by the 4-oxogroups compared with the E-counterparts. The Z-configuration was assigned to 3b and 3c by comparing with the starting E-counterparts and to 5a by comparing with a sample previously prepared [1] upon treating a solution of 2a in glacial acetic acid with bromine. A role for pyridine alone in the isomerisation process can be ruled out as compounds E,Z-3a-c are recovered without detectable configurational change upon refluxing in this solvent. The larger proportions of Z-isomers observed in the compounds prepared as compared to the starting materials indicates that isomerisation has occured during the reactions. The great stability of the Z-isomers as compared with the E-counterparts is probably due to steric considerations Although isomerisation may be explained according to the hypothesis of formation of zwitterionic or biradical intermediates [13] , it is better explained in terms of successive addition and elimination of nitrile oxide at the β-terminus of the exocyclic α,β-unsatured carbonyl system of compounds 3 as outlined in Scheme 3. The instability of the hypothetically formed adducts may be attributed to a sterically hindered transition state. The negative results reported for the reaction of tri-and tetra-alkyl ethylenes with nitrile oxides [14] seem to be in accordance with our results.
The formation of the 2,4-dioxo compounds 5 rather than the spiranes 7; which could be produced by the attack of nitrile oxides at the thiono group of compounds 3 could be rationalised in terms of decomposition of the 1,4,2-oxathiazole ring of the spirane ring system by expelling 4-chlorophenyl-or 4-methoxyphenylisothiocyanates. The decomposition has occured most likely via a radical reaction as it has been reported by Husigen et al [15] that all the 1,4,2-oxathiazoles which are formed via cycloaddition of nitrile oxides to thiocarbonyl compounds decompose exothermically at 90-150°C to form isothiocyanates and the oxygen analogues of the thiocarbonyl compounds. The molecular rearrangement leading to the isothiocyanate probably proceeds concurrently with the ring opening [15] (Scheme 2). The preference for the nitrile oxides to react with C=S rather than the C=O groups may be attributed to the polarizability of the sulfur function which is manifested by the great readiness with which several thiono containing compounds react with dipolar species [16] . Formation of stable spiranes is reported upon reacting 2-thioxo-1,3,4-thiadiazole with nitrile imines [16] .
Experimental

General
All melting points are uncorrected. IR spectra were measured on a Unicam SP1200 spectrometer as KBr discs. 
Preparation of Starting Materials
3-Benzyl-5-[2-(4-bromophenyl)-2-oxoethyl]-4-oxo-2-thioxo-1,3-thiazolidine (2b).
Ammonium benzyl-dithiocarbamate (2.2 g, 11 mmol) in ethanol (10 mL) was added dropwise to a stirred solution of 3-(4-bromobenzoyl) propenoic acid [17] (2.55 g, 10 mmol) in ethanol (10 mL) at room temperature. Concentrated hydrochloric acid (3 mL) was added portionwise to the stirred reaction mixture after 30 min. and the precipitated solid was filtered and recrystallised from benzene-light petroleum (b.p. 60-80°C) to give 2b [1, 18] .
E,Z-3-Benzyl-5-(4-bromobenzoylmethylene)-4-oxo-2-thioxo-1,3-thiazolidine (3b).
Bromine (20 mmol) was added to a solution of 2b (3.4 g, 10 mmol) in glacial acetic acid (20 mL) and the resulting mixture was warmed on a water bath for 5 min. After cooling the reaction mixture was poured into cold water and filtered. The crude orange product (3.34 g, 80%) was recrystallised from glacial acetic acid to give E,Z-3b. [1, 10] were prepared by the same methods mentioned above for 2b and E,Z-3b.
The analogous compounds 3-benzyl-5-[2-(4-methylphenyl)-2-oxoethyl]-4-oxo-2-thioxo-1,3-thiazolidine (2a) and 3-benzyl-5-[2-(4-chlorophenyl)-2-oxoethyl]-4-oxo-2-thioxo-1,3-thiazolidine (2c) [18] and E,Z-3-benzyl-5-(4-methylphenylmethylene)-4-oxo-2-thioxo-1,3-thiazolidine (3a) and E,Z-3-benzyl-5-(4-chlorophenylmethylene)-4-oxo-2-thioxo-1,3-thiazolidine (3c)
Reactions of Compounds E,Z-3a-c with Arylnitrile Oxides 4a and b: General Procedure
Powdered α-hydroximino-4-chlorobenzyl chloride (4a) [19] or the 4-methoxybenzyl counterpart (4b) [20] (25 mmol) was added to a suspension of each of E,Z-3a-c (10 mmol) in anhydrous pyridine (10 mL) and the whole mixture was refluxed for 10 hrs. during which it acquired a violet colouration. The solid which precipitated after allowing the reaction mixture to stand at room temperature overnight was filtered off, washed with small portion of ether and chromatographed or recrystallised from an appropriate solvent to give Z-3 and/or Z-5 along with starting materials slightly enriched with the Zconfigured isomers E,Z-3.
The crude product (2.82 g, 80%) obtained upon treating E,Z-3a with 4b was crystallized from dioxane to give E,Z-3a as yellow crystals (0.71 g, 20%), m.p. 210-212°C containing ca. 20% of the Zisomer. Dilution of the dioxane mother liquors gave Z-5a as brownish red crystals (1.77 g, 50%) , m.p. 179-181°C (from dilute dioxane).
The reaction mixture of E,Z-3b with 4b was concentrated (final volume ca. The crude product (2.98 g, 80%) which was obtained upon reacting E,Z-3c with 4b was crystallised from dioxane to give E,Z-3c (0.75 g, 20%) containing 90% of the Z-isomer as orange crystals m.p. 248-250°C. On leaving the dioxane mother liquor to stand at room temperature for 24 hrs., it precipitated a yellow solid (1.96 g, 55%) which was recrystallised from benzene-methanol to give Z-5c as yellow crystals m.p. 226-228°C.
Recrystallisation of the crude product (1.49 g, 40%) obtained from the reaction of E,Z-3c with 4a from dioxane precipitated successively E,Z-3c (0.6 g, 16%) containing 10% of the Z-isomer and Z-3c (0.67 g, 18%).
Upon allowing the water diluted original pyridine mother liquors to stand at room temperature for 48 hrs. therefrom precipitated colourless products which were recrystallised from dioxane to give 45% of 3,6-di-(4-methoxyphenyl)-1,4,2,5-dioxadiazine (6a), m.p. 178-180°C, undepressed on admixture with an authentic sample [11] in all cases when 4a was used and 5-10% of 3,6-di-(4-chlorophenyl)-1,4,2,5-dioxadiazine (6b), m.p. 222-224°C undepressed on admixture with an authentic sample [11] , when 4b was the reactant.
Action of pyridine on E,Z-3a-c
A suspension of each of E,Z-3a-c (3 mmol) in pyridine (10 mL) was refluxed for 15 hrs. while the solution acquired a violet colouration. The crude product which precipitated upon leaving the reaction mixture to stand at room temperature overnight (90-95%) was recrystallised from dioxane to give 90% of each E,Z-3a-c with similar E/Z ratios as the starting materials. (10) 6b (5) 3c 4b 3c (20) [90] ---5c(55) 6b(10) * configurational assignment is based on 1 H-NMR spectroscopy. ** yield of actually isolated compounds *** % of the Z-isomer in the E,Z-mixture. 
